ABSTRACT
Introduction
Deterioration of water quality is one of the main environmental problems in coastal and marine waters. Sri Lanka is acutely facing this problem mostly due to increased human population, rapid urbanization, industrial activities and intensive agricultural practices. Coastal areas of Sri Lanka are concentrated with high population and coastal population density is comparatively centered in Western Province due to high urbanization and therefore, is likely to be affected by the elevated concentrations of waste generated in the province.
Coastal water pollution is caused both by land based and sea based activities. In Sri Lanka, roughly 90% of marine pollution is on account of land -based and only 10% is sea -based (Prematunge, 2009) . Agriculture, urbanization and industrialization are being considered as main land based activities where as ship accident, exploration and dumping of oil and garbage can be considered as sea based activities. Aquaculture practices also released contaminant to the marine environment. Western Province accounts for more than 60% of the total waste generated in Sri Lanka (UNEP, 2001) .
Effluents are directly discharged to the water ways and finally its end up in the coast. And occasionally these effluents directly discharge into the sea. Therefore, coastal habitats are highly vulnerable to degradation. These destructed habitats are directly or indirectly negative impact to the marine biodiversity and finally threat to well -being of human. Therefore pollution prevention is an important for the utilization and management of these resources and it is an essential to determine the pollution of water quality of the coastal belt. Considering the above mentioned importance, this study mainly assessed the effect of coastal water quality in the Western Province, especially in the coastal area from Negombo to Bentota.
Methodology

The Study Area
The study was carried out monthly for a period of six months from November 2011 to April 2012. Sampling locations were selected using random sampling techniques with special reference to urbanized areas, tourist areas, industrialized areas which were subjected to fisheries and related activities in the Western Province. Accordingly, water samples were collected coastal sites that area located 200 m away from the shoreline. The Global Poisoning System (GPS) coordinates at the different locations and their site descriptions are given in Table 1 . The relative sampling locations are illustrated in Figure 1 . 
Sample Analysis
Electrical Conductivity (EC), Total Dissolved Solids (TDS), salinity and water temperature were measured using Hanna portable multi range conductivity meter (HI 8733). Concentration of DO and pH were measured using Orion 830A oxygen meter and Orion 260A pH meter respectively whereas portable HATCH meter (model 2100P ) was used to measure turbidity.
Water samples processed in the field were subjected to laboratory analysis using standard methods (APHA, 2005) . The samples were analyzed for various water quality parameters namely TSS, ammoniacal-N, ortho-phosphate, nitrate-N, nitrite-N, oil and grease and chlorophyll-a. In addition, BOD was measured using Aqua Lytic BOD sensors. Data was analyzed using the Microsoft Excel 2007 program where the minimum, maximum, average and standard deviation values were calculated for the different water quality parameters. Table 2 presents the minimum, maximum, mean and standard deviation of the overall results recorded from coastal area. An average concentration of Ammoniacal -N in Negombo fish market coastal area was highest (0.46 ± 0.12) mg/l and lowest average in the sampling location of Panadura coastal area (0.10 ± 0.07) mg/l (Figure 2 ). Average Ammoniacal -N at Mattakuliya (0.44 ± 0.06) mg/l and Negombo fish market (0.46 ± 0.12) mg/l coastal area were above the threshold limits of proposed ambient coastal water quality standards. Mattakuliya coastal area receives both liquid and solid waste mainly from Kelani River estuary and Mutuwal sea outfall. However, this outfall is under construction at most of the time. It had been happened during the study period. Also Mattakuliya beach area is used by local people as recreational site. According to the several studies, ammonia concentration is comparatively high Kelani Ganga estuary. Therefore Mattakuliya coastal area is polluted due to the Kelani Ganga estuary. Negombo fish market area is polluted due to the discharge of fish waste directly to the coastal area. Most of the dwellers living along the coastal area do not have any toilet facilities and use the beach as toilet. Furthermore, recent studies have revealed that, coastal area of Western Province has been polluted due to high ammonia concentration. Figure 4 ). Excessive use of nitrate fertilizers and runoff from human and animal waste are the main sources which affect to the variation of nitrate in water. Also Amarasiri (2007) stated that the large amount of nitrogenous fertilizers has contributed to increased high levels of nitrate in water in many countries. Agricultural runoff from upper catchment of the Kelani Ganga and discharges from Mutual sea outfall would be reason for the recorded nitrate at the Mattakuliya coastal area. Aquaculture operations, especially finfish farms where food is added, can be important sources of nitrogen inputs in coastal areas where this activity occurs (Merceron et al., 2002) . This is relevant to the Negombo coastal area.
Results and Discussion
Highest average concentration of BOD was (16.50 ± 1.38) mg/l recorded from Dikkovita coastal area during the study period. However lowest average concentration of BOD was (6.83 ± 1.94) mg/l recorded from Kalutara coastal area ( Figure 5 ). Average concentrations of BOD in all the coastal locations were above the coastal water quality standards. Recorded BOD values indicate the gross organic and pollution states all selected locations. Fishing activities generate effluents having a high BOD and it is main reason for the recorded BOD concentration at the Negombo fish market coastal area. Dikkovita is mainly near to the Colombo habour. Coastal water can be flowed from Colombo habour to Dikkovita coastal area due to the direction of vertical and horizontal water current. The Colombo harbour is faced with an acute environmental problem with a threat of undesirable pollution of its waters from oil, liquid and solid wastes. Therefore it would be the recorded high BOD in Dikkovita coastal area. Dissanayake and De Alwis (2011) have been found organic pollution in some selected western and southern coastal sector of Sri Lanka in 2008. Negombo fish market coastal area was recorded the highest TSS level (13.32 ± 3.24) mg/l and lowest average TSS was (6.70 ± 3.87) mg/l recorded from Kaluwamodara coastal area ( Figure 6 ). Maximum average turbidity was (11.62 ± 4.69) NTU recorded in Negombo park coastal area throughout the study period. And the lowest average turbidity (4.40 ± 1.43) NTU was recorded from coastal area of Mount -Lavinia (Figure 7 ). Excessive siltation and sedimentation has been reported in estuaries and coastal waters in Sri Lanka mainly due to the river runoff carrying sediment, agricultural and industrial wastes and products of upland soil erosion. Similarly industrial and domestic sewage from industries and human settlements outskirts of estuaries and in the coastal belt are attributed to further increase of siltation and sedimentation (UNEP, 1986) . TSS and turbidity are changed due to the watershed hydrologic process, soil sediment characteristics and land use pattern (Amarathunga et al., 2010) . The high turbidity and TSS can be caused either by extensive soil erosion within the watershed and it flow in to the coastal water through river or canal. Finally it is markedly depend on the tidal pattern. The turbidity can be increased in the coastal region due to a rise of the river and flux from river is closely related to precipitation (Fukuda et al., 1975) . Turbidity and TSS were higher during the rainy season and low levels were determined during the dry weather condition. However, there is no specific standard for coastal waters in Sri Lanka to compare the present results of TSS.
. Lowest average chlorophyll -a was recorded from sampling location of Negombo fish market area (1.15 ± 0.64) μg/l. And the highest average chlorophyll -a concentration (2.78 ± 1.87) μg/l was noted from Dehiwala coastal area (Figure 8 ). It is natural for chlorophyll a levels to fluctuate over time. Chlorophyll a concentrations are often higher after rainfall, particularly if the rain has flushed nutrients into the water. Higher chlorophyll a levels are also common when water temperatures and light levels (NLWRA, 2008) . Dehiwala coastal area indicated high productivity due to the highest concentration of chlorophyll a compare to the other locations. Dehiwala Canal is directly discharging water in to the sea. According to the Anon (2011), Phosphate and BOD concentrations are relatively high in Dehiwala Canal water which indicates nutrient enrichment due to disposal of domestic and industrial wastewater into the canal over time. Therefore it is clear that the nutrient enrichment in Dehiwala coastal area due to the discharges from Dehiwala Canal.
Figure 8: Variation of Chlorophyll -a
Maximum average concentration of pH was 8.12 ± 0.11 recorded from Pamunugama coastal area. And average lowest value recorded was 7.53 ± 0.47 from Kaluwamodara coastal area (Figure 9 ). Recorded average pH values are indicated slightly alkaline conditions. Runoff such as fertilizers and detergents from upper catchment of the inland water bodies cause increased alkalinity in water at the coastal area. Also effluent from the tourist hotels, aquaculture farming would be reason for the recorded alkaline condition of the coastal water. Pamunugama is situated left side of the Colombo habour. Coastal water can be poured from Colombo habour to Pamunugama coastal area due to the direction of vertical and horizontal water current. Colombo habour water is mainly polluted from shipping and anthropogenic activities. Therefore it would be the recorded high pH in Pamunugama coastal area. The highest average concentration of DO value was recorded from sampling location of Mount Lavinia (6.74 ± 0.68) mg/l and lowest concentration (6.14 ± 0.57) mg/l was noticed from the sampling location of Negombo fish market coastal area. However, Recorded average concentration of DO in coastal area was 6.38 ± 0.56 mg/l (Table 2) .
Highest average salinity value (32.78 ± 1.45) ppt was recorded from Dikkovita coastal area and a lowest average value (9.60 ± 8.84) ppt was recorded from coastal area of Kaluwamodara. But an average salinity of value of coastal area was (27.95 ± 9.08) ppt. Coastal water salinity is changed due to the several factors namely evaporation, precipitation and fresh water runoff from the rivers or canals (Garrison, 2004) . Kaluwamodara (9.60 ± 8.84) ppt and Mattakuliya (15.30 ± 8.37) ppt are recorded lower salinity values compare to the other locations. Fresh water runoff from the Bentara River and Kelani River would be reason for recorded low salinity in these two locations. According to Dissanayake and De Alwis (2011) , salinity is within the threshold limits of proposed ambient coastal water quality standards.
Conclusion
Coastal water quality results revealed that, the average ammonia concentration (0.22 ± 0.16) mg/L and water temperature (30.0 ± 3.8) 0 C were below the maximum permissible limits of the proposed ambient water quality standards for Sri Lankan coastal waters. Average pH (7.91 ± 0.34) was within the ideal pH range for above standards whereas the mean concentration of DO was below the saturation level. An average value determined for BOD (12.08 ± 4.47) mg/l was much higher than the permissible threshold limit (>5 mg/l) which indicates the gross organic and inorganic pollution in all selected sampling locations in western coast.
Recommendations
Based on the field investigations and laboratory analysis of this research following recommendations can be made in order to minimize the impacts of deterioration of coastal water quality from land based activities in Sri Lanka. When discharging industrial effluents into water bodies, given standards limit for discharge of effluents into inland and marine surface waters should be thoroughly followed, Proposed ambient coastal water quality standards should be modified using coastal water quality monitoring data and expert views and comments, Awareness programs about coastal pollution should be conducted for coastal communities including fishermen and school children, Improve the public health to increase sanitation such as providing latrine facilities for people in the vicinity of the coastal area, as it will have an impact on the aquatic health of the marine environment, Proper monitoring programs should be initiated for identification of water pollutant sources, which discharge pollutants in to the marine waters directly or indirectly and actions should be taken to prevent further damage to the marine environment, Proper coordination should be created among government and nongovernmental organizations to minimize the effect of pollution from the land based activities, Regulation should be implemented to minimize the pollution from tourism, harbours and ports activities.
